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VWUHQJWKRUKLJKYDOXHFRQFUHWH7KHUHDVRQZK\VXFKFRPSOHWHO\GLIIHUHQWVWUHQJWKFODVVHVRIFRQFUHWHZHUHXVHGLQ
WKH WHVW LV DOVR DQ DWWHPSW WR FRYHU WKH LQIOXHQFHV RI FRQFUHWH VWUHQJWKZLWK WKH VWUHQJWK RIPHWKRGV RI ILQLVKLQJ

















)RXUF\OLQGHUV IURP WKHJLYHQVHULHVZHUHDOZD\V WUHDWHGE\ WKHDERYH ILQLVKLQJPHWKRG)LQLVKLQJE\ VXOSKXU
PRUWDU FHPHQW PRUWDU DQG SODVWHU ZDV GRQH  GD\V EHIRUH WKH WHVW DQG ERWK HQGV RI F\OLQGHUV ZHUH ILQLVKHG
1HRSUHQHDQGKDUGERDUGZDVKHUVDUHLQVHUWHGLQEUDFNHWVZKLFKDUHLQVWDOOHGRQERWKF\OLQGHUHQGVLHRQHHQGRI
WKH F\OLQGHU LV VPRRWKHG DQG WKH VHFRQG RQH LV D VPRRWK SULQW RI WKH IRUP ERWWRP 2QO\ VPRRWKHG IDFH RI WKH
F\OLQGHUZDVVDZFXW WKHFXWZDVGRQHE\DGLDPRQGZKHHOZLWKZDWHUFRROLQJGD\VEHIRUHWKHWHVW WKHVHFRQG









6XOSKXUPRUWDU    
&HPHQW    
3ODVWHU    
1HRSUHQH    
+DUGERDUG    
&XW    
6PRRWKHU    
$YHUDJHYDOXH    
6WDQGDUGGHYLDWLRQ    
9DULDWLRQFRHIILFLHQW>@    

&\OLQGHUV WKH SUHVVXUH DUHD RI ZKLFK ZDV SURYLGHG ZLWK KDUGERDUG RU QHRSUHQH KDYH WKH KLJKHVW YDOXH RI
PRGXOXVRIHODVWLFLW\RU*3DWKHORZHVWYDOXHRIPRGXOXVRIHODVWLFLW\KDVWKHVPRRWKDUHD±*3D











6XOSKXUPRUWDU    
&HPHQW    
3ODVWHU    
1HRSUHQH    
+DUGERDUG    
$YHUDJHYDOXH    
6WDQGDUGGHYLDWLRQ    




DQG DOVR WKH KLJKHVW FRPSUHVVLRQ VWUHQJWK  03D ZDV UHDFKHG E\ ILQLVKLQJ ZLWK QHRSUHQH ZDVKHUV 2WKHU











UHPRYHGIURPWKHZDWHUZLSHGZLWKDGU\FORWKVHWEHWZHHQQHRSUHQHZDVKHUVDQGSODFHG LQWR WKH WHVWPDFKLQH




SLHFH DIWHU UHPRYDO IURPZDWHU DQG FXWWLQJ RU JULQGLQJ FDQ EH RQO\ZLSHGZLWK WKH FORWK DQG SODFHG LQ WKH WHVW
PDFKLQH*UHDWEHQHILWLVWKDWWKHSLHFHLVORDGHGGLUHFWO\DQGQRWWKURXJKOHYHOOLQJVXUIDFHRIDQRWKHUPDWHULDOWLPH
RIVDPSOHSUHSDUDWLRQLVVKRUWDQGWKLVPHWKRGRI ILQLVKLQJLVDSSURYHGE\VWDQGDUG'LVDGYDQWDJHLV WKHSXUFKDVH
SULFHRITXDOLW\ VDZRUJULQGHU PLQ(XUDQGFXWWLQJRUJULQGLQJZKHHOV4XDOLW\ VDZVRUJULQGHUV VHFXUH
UHTXLUHGIODWQHVVDQGFROOLQHDULW\RISUHVVXUHDUHDV












269 Petr Hunka et al. /  Procedia Engineering  65 ( 2013 )  266 – 272 
E\WKLVPHWKRGWKHWLPHGRXEOHV7KHWRWDOSUHSDUDWLRQWLPHFDQWKDQWDNHKRXUVIRUDSLHFHSUHSDUDWLRQ7KLV
PHWKRGRI VDPSOHV ILQLVKLQJ KDV IROORZLQJGLIILFXOWLHV ORQJHVW SUHSDUDWLRQ WLPH QHFHVVLW\RIPDWXULQJRIPRUWDU
KRXUVWRGD\VWKHSLHFHLVGXULQJWKHZKROHSUHSDUDWLRQWLPHH[SRVHGWRWKHDLUDQGWKHUHIRUHGULHVXSDQGQHHGRI







SUDFWLFH WKDW WKHUH DUH QRW HQRXJK VDPSOHV DQG WKH XSSHU ORDG OHYHO LV GHILQHG E\ DSSUR[LPDWH FDOFXODWLRQ IRU




WKH VDPH WLPH UHODWLYHGHIRUPDWLRQV İ DUH UHFRUGHG:KHQ WKHPHDVXULQJRIPRGXOXVRI HODVWLFLW\ LV ILQLVKHG WKH
ORDG RI WHVW SLHFH LV LQFUHDVHG E\ SUHVFULEHG VSHHG XQWLO WKH IUDFWXUH RFFXUV 7KH VWDQGDUG VWLSXODWHV WKDW WKH WHVW
UHSRUWPXVWLQWURGXFHFLUFXPVWDQFHVZKHQWKHVWUHQJWKRI WHVWSLHFHLVGLIIHUHQW IURPWKHDVVXPHGRQHIFE\DERXW
PRUHWKDQ
7R PDNH WKH SLFWXUH FRPSOHWH ZH ZRXOG OLNH WR PHQWLRQ QRQFRQIRUPLW\ EHWZHHQ ý61 ,62  XVHG LQ
(XURSH DQG$PHULFDQ VWDQGDUG$670&  ý61 ,62  GHILQHV WKH XSSHU ORDG VWUHVV RQ WKH OHYHO RI
 IF ZKLOH $670 &  RQ WKH OHYHO  IF 7KLV GLIIHUHQFH LQ WKH XSSHU VWUHVV GHILQLWLRQ FDQ SURYLGH
GLIIHUHQWYDOXHVRIWKHFRPSUHVVLRQPRGXOXVLQFRPSDUDWLYHWHVWV>@
,QWRWDOEHDPVZLWKGLPHQVLRQVPPZHUHSURGXFHGIURPWKHFRQFUHWH&;)IRUWHVWVRI
FRPSUHVVLRQ PRGXOXV DQG SULVPDWLF FRPSUHVVLRQ VWUHQJWK 7HVW SLHFHV ZHUH VHW IRU  GD\ LQ IRUPV LQ VWDQGDUG
ODERUDWRU\HQYLURQPHQWDIWHUIRUPLQJWKH\ZHUHVHWLQWKHZDWHUIRUDERXWGD\V$JDLQWKLVPHWKRGZDVXVHG











   
   
   
   
   
   
   
   
   
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  



















YDULDWLRQ   )URP WKH DVSHFW RI HODVWLFLW\ PRGXOXV ZKLFK ZDV WKH SULPDULO\ PRQLWRUHG YDOXH ZH FDQ VHH
UHPDUNDEOHGHSHQGHQFHRQWKHYDOXHRIXSSHUORDGOHYHO:HFDQVWDWHWKDWZLWKLQFUHDVLQJORDGOHYHOWKHPRGXOXVLV
GHFUHDVLQJ*UDSK LQ)LJ LVEDVLFDOO\DFRQILUPDWLRQRI WKH%DFK6FKOOH ODZ LQ WKH IRUPVQ (RHZKHUH WKH
FRHIILFLHQWQLQWKHSRZHURIVWUHVVLVWKHQXPEHUFORVHWRRQHEXWIRUFRQFUHWHLWLVDOZD\VELJJHUWKDQ,QSUDFWLFH
ORDGRIFRQFUHWHXSWRWRRILWVVWUHQJWKLVFRQVLGHUHGDVQ DQG%DFK6FKOOHODZWKDQWXUQVWRWKHIRUP
RI WKH+RRNH ODZ 7KH UHVXOW RI FRXUVH LV QRW VXUSULVLQJ ZHPXVW WDNH LQWR FRQVLGHUDWLRQ KRZ WKHPRGXOXV RI
HODVWLFLW\ZDVGHILQHG)RUHOHPHQWDU\VHFDQWPRGXOXVRIHODVWLFLW\RIWDQJHQWGLUHFWLRQOHGWRWKHFXUYHUXQQLQJLQ
WKH EHJLQQLQJ RU FORVH WR  RI ZRUNLQJ GLDJUDP IRU LQFUHDVLQJ YDOXHV WKH VWUHVV LV GHFUHDVLQJ WKHUHIRUH DOVR
HODVWLFLW\PRGXOXVLVGHFUHDVLQJ7KLVIDFWLVWKHUHDVRQZK\G\QDPLFPRGXOHVDUHKLJKHUWKDQVWDWLFPRGXOHV










LQIOXHQFH RQ WKH UHVXOW HYHQ LQ WKH FDVH ZKHQ YDULDWLRQV IURP WKH UHTXLUHG OHYHO  IF DUH UHODWLYHO\ VPDOO
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ZDV FRPSOHWHO\ GLIIHUHQW IRU KDUGERDUG WKHUH ZHUH ORZHVWPHDVXUHG YDOXHV DQG IRU QHRSUHQH KLJKHVW RU DYHUDJH
PHDVXUHGYDOXHV%DVHGRQSHUIRUPHGPHDVXULQJZHFDQVWDWHWKDWKLJKHVWYDOXHVRIWKHFRPSUHVVLRQVWUHQJWKDQG
PRGXOXVRIHODVWLFLW\FDQEHUHDFKHGZLWKXVHRIQHRSUHQHZDVKHUV2QWKHRWKHUKDQGFRPSOHWHO\LQVXIILFLHQWIURP





7KH DPRXQW RI XSSHU ORDG OHYHO LQ WKH WHVW RI PRGXOXV RI HODVWLFLW\ XQGHU FRPSUHVVLRQ KDV DOVR UHPDUNDEOH
LQIOXHQFH RQ WKH UHVXOW HYHQ LQ WKH FDVH WKDW YDULDWLRQV IURP WKH UHTXLUHG  IF OHYHO DUH UHODWLYHO\ VPDOO
DSSUR[LPDWHO\ XS WR   0RGXOXV RI HODVWLFLW\ RI FRQFUHWH LQ WKH SHUIRUPHG H[SHULPHQW ZDV PHDVXUHG IRU
SHUPLVVLEOHOLPLWV±*3D

$V IROORZV IURP SHUIRUPHG H[SHULPHQWV WKH VWDQGDUG ý61 ,62  IRU GHWHUPLQDWLRQ RI WKH FRPSUHVVLRQ
PRGXOXVGHILQHVVRPH OLPLWFRQGLWLRQVRI WKH WHVWEXWQRWVXIILFLHQWO\HQRXJK7KHDFWXDO WHVWPXVWEHSHUIRUPHG
YHU\ FDUHIXOO\ DQG UHSRUWVPXVW FRQWDLQ LQIRUPDWLRQ DERXW FRQGLWLRQV XQGHU ZKLFK WKHPRGXOXV RI HODVWLFLW\ ZDV
GHWHUPLQHG




SODQW VXSSOLHV FRQFUHWH LQ DFFRUGDQFH ZLWK VWDQGDUG ý61 (1  EXW VXFK VXSSOLHG FRQFUHWH KDV GLIIHUHQW
PRGXOXVRIHODVWLFLW\WKDQWKHFRQFUHWHFRQVLGHUHGE\WKHGHVLJQHQJLQHHUZKLFKPLJKWKDYHLQIOXHQFHRQVHQVLWLYH
VWUXFWXUHVIRUH[DPSOHE\ELJJHUGHIRUPDWLRQHWF7KLVSUREOHPLVFDXVHGE\WKHIDFWWKDWý61(1RUROGHU
VWDQGDUGVGRQRW FRQVLGHU YDULDELOLW\RI WKHPRGXOXVRI HODVWLFLW\ZLWKLQ FRQFUHWH VWUHQJWK FODVV $SDUW IURP WKLV
YHU\RIWHQGLVFXVVHGLVVXHVHH>@DQRWKHUSUREOHPRFFXUVDOVREDVHGRQRXUH[SHULPHQWVKRZWRGHWHUPLQHDWDOO
WKHPRGXOXVRIHODVWLFLW\ZLWKUHJDUGVWRUDWKHUZLGHOLPLWFRQGLWLRQVRIWKHWHVWDFFRUGLQJWRWKHVWDQGDUGý61,62
 VR WKHGHVLJQ HQJLQHHU FDQ FRQVLGHU WKHPRGXOXVRI HODVWLFLW\ YDOXHZKLFKZRXOGQRW EHGHSHQGLQJRQ WKH
PHWKRGRIWHVWLQJLQYDULRXVODERUDWRULHVEXWZLOOEHLQVWDQGDUGOLPLWVRIYDULDELOLW\JLYHQE\YDULDELOLW\RIFRQFUHWH
FRPSRVLWLRQ %DVHG RQ WKH ORQJWHUP PHDVXUHPHQWV  \HDUV RI FRQWLQXRXV PRQLWRULQJ RI SURGXFWLRQ 












SUXåQRVWL Y WODNX SĜtVSČYHN QD NRQIHUHQFL %HWRQiĜVNp GQ\  ,6%1  ýHVNi EHWRQiĜVNi VSROHþQRVW ý66, +UDGHF
.UiORYp  ,PSDFW RI WKH XSSHU ORDG OHYHO LQ WKH WHVW RI VWDWLF PRGXOXV RI HODVWLFLW\ RI FRQFUHWH XQGHU FRPSUHVVLRQ SDSHUV WR WKH
FRQIHUHQFH&RQFUHWHGD\V
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 0RGXOXV RI HODVWLFLW\ RI FRQFUHWH
DXWRPDWLFDOO\"
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